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DESCRIPTION 

AZEOTROPIC COMPOSITION OF 1,1,1,3,3- 
PENTAFLUOROPROPANE AND 1 , 1 , 1 -TRIFLUORO-3- 
CHLORO-2-PROPENE, PROCESS OF SEPARATION AND 
PURIFICATION USING THE SAME, AND PROCESS FOR 
PRODUCTION OF 1,1,1 ,3, 3-PENTAFLUORO PRO PANE AND 
PROCESS FOR PRODUCTION OF 1 , 1 , 1 -TRIFLUORO-3- 
CHLORO-2-PROPENE 

Technical Field 

The present invention relates to an azeotropic 
composition consisting of 1 , 1 , 1 ,3,3-pentafluoropropane 
(which is referred to also as "R-245fa" hereinafter) and 
1 ,1 ,1 -trifluoro-3-chloro-2-propene (which is referred to also 
as "R-1233zd" hereinafter), and a process of separation and 
purification of R-245fa or R-1233zd from a mixture 
comprising at least R-245fa and R-1233zd. R-245fa is a 
useful compound which is considered a compound which is 
not likely to cause a substantial ozone depletion, and R- 
245fa can be used as, for example, an HFC forming agent, a 
refrigerant, a heat transfer medium and a propellant. 

Background Art 

There is described in International Publication No. 
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WO96/01797 that R-245fa can be easily produced by 
fluctuating. 1 , 1 ,1 ,3,3-oentachlcropropane with hydrogen 
fluoride (which is referred to also as "HF") in the presence 
of a catalyst. In this reaction, R-1233zd is formed as an 
5 intermediate and mixed as an impurity into the objective, i.e. 
R-245fa. 

Further, Japanese Patent Kokai Publication No. 9- 

183740 (A) discloses a process for fluorinating 1.1.1.3.3- 

pentachloropropane in a vapor phase. A reaction product is 

,0 a mixture comprising R-1233zd and R-245fa also in this 

process. Further, Japanese Patent Kokai Publication No. 9- 

241188 (A) discloses a process for producing 1,1,1.3,3- 

pentachloropropane by fluorinating R-1233zd in a liquid 

pnase. A reaction product is a mixture comprising R-1233zd 

15 and R-245fa also in this process. Further, there is a 

process for producing 1 , 1 , 1 ,3,3-pentafluoropropane by 

fluorinating 1 , 1 , 1 ,3-tetrachloropropene and/or 1,1,3,3- 

d o^ista and R-1233zd is comprised in 
tetrachloropropene. R-245fa ana k i«o 

the reaction product also in this process. 

As described in the above, in any one of the 

fluorinating reactions, the reaction product containing R- 

245fa as an object contains R-1233zd as an impurity. 

Therefore, it is necessary to separate and purify R-245fa 

from the reaction product containing the impurity. Further, 

25 it is desirable to recover R-1 233zd from such a reaction 
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product from the viewpoint of production cost and so on. 

in this specification, the term "separation and 
purification" is used in the sense of separating and 
concentrating a Key component (for exampie, R-245fa) when 
a mixture stream comprises two or more specific key 
components (for exampie, R-245fa and R-1233zd) in a rat,o 
of a concentration "a" of one key component (for example, 
R . 24 5fa) to a concentration -b" of the other key component 
( ,or example, R-1233 Z d), i.e. W is subjected to a given 
process (for example, a distillation), and thereby other 
stream is obtained o, which ratio o, the concentration of sa,d 
one key component (for example, R-245fa) to the 
concentration of said other key component (for example, R- 
12 33zd) is increased to "aW (wherein -.Vb" is larger than 



15 "a/b"). 
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Disclosure of Invention 

As described in the above, in order to separate and 
purify R-245fa, it is necessary to remove R-1 233zd 
contained in the reaction product. R-1233zd has two 
geometrical isomers (E) and (Z). The boiling point of (E) 
isomer is 20.5 'C and the boiling point of (Z) is 35 -C. while 
,„. boiling point o, R-245fa is about 15 -C. Therefore, since 
the boiling point of (E) isomer of the two isomers of R- 
1233zd is Cose to that o, R-245fa, it is particularly difficult 
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to separate (E) isomer from R-245fa. 

Removal of olefin such as R- 12 33zd and so on has 
oeen attempted. For example, in International Publication 
No W097/37955. there is described a process of separate 
by a chlorine addition. However, in the process wherein R- 
1233 Z d is separated as a chlorinated compound, R-1233zd 
cannot be reused for a production process of R-245fa. That 

the formation of chlorinated compound contributes to a 
decrease of the recovery of R-1233zd. and therefore, the 
production cost is increased. 

As described in the above, an effective method for 
separating R- 12 33zd which is contained in the reaction 
product from the reaction to produce R-245fa, has no, yet 

been found so far. 

The present invention has been accomplished in the 
, igh t o, the circumstances as described above, of which 
object is to provide a process of separation and purification 
of R-245fa and/or R-1233zd from a mixture comprising at 
least R-245fa and R-1233zd, in which process R-1233zd is 
no. changed to other compound(s), i.e. R-1233zd can be 
recovered and reused. 

The inventors have made extensive studies on a 
process of separation of R-1233zd contained in R-245,a and 
found for the first time that R-245fa and R-1233zd form an 
azeotropic composition in which R-245fa : R-1233zd is about 



63 : 37 almost at the atmospheric pressure, and then 
completed the present invention. Herein, the isomer of R- 
1233zd which forms the azeotropic composition is (E) isomer. 
Hereinafter, (E) isomer of R-1233zd is referred to also as 
5 «(E)R-1233zd". So far, it has not been known that these 
form an azeotropic composition. It should be noted that 
these compounds form an azeotropic mixture even under 
pressure. 

Thus, in the first aspect, the present invention provides 
10 an azeotropic composition (or an azeotropic mixture) which 
consists substantially of 1 , 1 , 1 ,3.3-pentaf luoropropane and 
l.l.l-trifluoro-S-chloro^-propene. In this azeotropic 
composition, a 1 , 1 , 1 ,3,3-pentafluoropropane/1 , 1 , 1 -trifluoro- 
3-chloro-2-propene molar ratio is in the range of 64/36 to 
15 62/38 at an azeotropic temperature of 14 °C at the 
atmospheric pressure. 

The azeotropic composition is useful as a reflux when a 
distillation operation is carried out in order to separate one 
component of 1 , 1 , 1 ,3,3-pentafluoropropane and 1,1,1- 
20 trifluoro-3-chloro-2-propene from a mixture comprising them 
(e.g. a product of a reaction to produce 1,1,1,3,3- 
pe ntaf I uoro propane). 

In the second aspect, the present invention provides a 
process of separation and purification of 1,1,1,3,3- 
25 pentafluoropropane or 1 , 1 , 1 -trifluoro-3-ch.oro-2-propene 
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from a mixture comprising at least 1.1,1,3,3- 

onH 1 1 i-trifluoro-3-chloro-2-propene. 
pentafluoropropane and 1,1.1 trmuoi 

Namely, the process is: 

D a process of separation and purification of 

! 1 1 3 3-pentafluoropropane characterized by: 

subjecting a mixture comprising at least 1.1.1.3.3- 
oanH11 1 _ t rifluoro-3-chloro-2-propene to 
pentafluoropropane and 1,1, i irmu 

a distillation operation; and thereby 

obtaining a distillate comprising an azeotrop.c 
composition consisting substantially of 1,1.1.3.3- 

onH 1 1 i-trifluoro-3-chloro-2-propene; 
pentafluoropropane and 1,1,1 trmuoi 



and 



obtaining a bottom product comprising 1.1,1.3.3- 
pentafluoropropane which does not subs.antialiy contain 
l5 i i-trifluoro-S-chloro-a-propene; or 

2) a process of separation and purification of 1.1.1- 
tri „uoro-3-ch l oro-2-propene characterized by: 

subjecting a mixture comprising at leas. 1.1.1.3.3- 
=nrt 1 1 i-trifluoro-3-chloro-2-propene to 
pentafluoropropane and 1,1,1 trmuu 

20 a distillation operation; and thereby 

obtaining a distiilate comprising an azeotrop.c 

composition consisting substantially of 1.1.1.3.3- 

1 1 i-trifluoro-3-chloro-2-propene, 
pentafluoropropane and 1,1,1 tritiuor 

and 

25 obtaining a bottom product comprising 1.1.1- 
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trif:uor o-3-ch,oro-2-propene which does 
contain 1,1,1, 3.3-pentafluoropropane. 

The compound to be separated and purified depends on 
an R -245fa,(E,R-1233zd ratio in a mixture, i.e. a feed, which 
is subjected to the distillation operation. 

In a case where the R-246f./(E)R-1 233zd ratio in the 
f eed is larger than the R-245f./(E)R-1 233zd ratio in the 
aze o,ropic mixture a, an operation pressure of a distillat.on 
operation, for example, in a case where the ratio of (E)R- 
123 3zd in the feed is smaller than 37 mol% at the 
atmospheric pressure, a bottom product comprising R-245fa 
w „,eh does not substantially contain (E)R-1233 Z d is 
obtained by a distillation operation in which a distillate 
comprising an azeotropic composition of R-245fa and (E R- 

1233 zd is obtained and a par, of the azeotropic compo.mon 

is used as a reflux. 

ln this case, (Z ) isomer o, R-1233zd (hereinafter wh.ch 

,. referred to also as .(Z)R-1233zd-> is contained in the 
bo „om product. In order to obtain R-245fa of higher punty 
by separating (Z)R-1233zd, the bottom product may be 
subjected to a fractional dis.il.ation to separate R-245,a 

from (Z)R-1233zd. 

To the contrary, in a case where the R-245fa,(E)R- 
1233 zd ratio in the feed is smaller than the R-245fa/(E)R- 
1233 zd ratio in the azeotropic mixture at an operat.on 
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pressure of a distillation operation, for example, in a case 
where the ratio of (E)R-1233zd in the feed is larger than 37 
mo.% at the atmospheric pressure, a bottom product 
comprising (E)R-1233zd which does not substantially con.a.n 
R . 245 fa is obtained by a distillation operation in which a 
distillate comprising an azeotropic composition of R-245fa 
and (E)R-1233 Z d is obtained and a part of the azeotropic 
composition is used as a reflux. 

Also in this case, the bottom product contains (Z)R- 
12 33zd. (E)R-1233zd and (Z)R-1233zd can be separated by 
subjecting the bottom product to a fractional distillation. 

Upon separating and purifying R-245fa or (E)R-1233zd, 
the feed may further contain hydrogen fluoride. In that case, 
a distillate consists substantially of hydrogen fluoride and 
an azeotropic composition consisting substantially of R- 
245fa and (E)R-1233zd. There is a case that the bottom 
product contains hydrogen fluoride. In a case where the 
bottom product contains hydrogen fluoride, if it is desired to 
separate hydrogen fluoride, it may be separated by a method 
conventionally employed, such as a distillation, an 
extraction, water washing, a Uquid-liquid phase separate 
or the like. 



Brief Description of Drawings 

Fig. 1 is a graph showing a vapor-liquid equilibrium 



r .,...-n.h.p -f n.1.,.».a-p.nt...uor-prop-n. l.l.i- 
trifluoro-3-chloro-2-propene. 

Bes , Mode for Carrying Out the Invention 

Th e separation and purification process o, the present 
mention can Pe performed in a oatcn process or a 

= nmoess using a distillation apparatus 
cont ,nuoos process u g ^ ^ 

conv en,iona„ y used. Cene , ^ 

r;::;::;:::::cuLoie%nda g enera,disti,,at : 

• r^nint utility limitations and so on. 
is used the azeotropic point, utuuy 
5 t . n the distilled azeotropic composition is 

After condensation, the aisun 

p f . ( . rrt .,u..- as it isasareflu.int.edistiilat.on 
OP6 l: operation pressure is prefer.,, for exarnp.e, , 

. «n imourity concentration), a reflux 
product (for example, an impuruy 

25 ratio and so on. 
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The process of separation and purification of the 
pre sen, invention includes a process wherein an elective 
compound is obtained by being distilled off and being 
condensed after an azeotropic composition is completely 
distilled off, as .... as a process wherein an elective 
compound is obtained in the form of a bottom produc • 
D ,.,„„n B off the ohiective has an advance that higher 
hoiling compound(s) is not contained there,n. 

The process of separation and purification of the 
pres ent invention is preferably carried ou, by suiting a 
mixtur e comprising 1 , ,1 -trif,uoro-3-ch,oro-2-propene and 
. , , , 3 3-pen.afiuoropropane to a distillation operation, 

' ' ' ' ,, . reaction product obtained by fluorinat.ng 

which mixture is a reaction h' 

the following: 

1,1,1,3,3-pentachloropropane; 

2) ^^.trifluoro-S-chloro^-propene; 

3) 1,1,1,3-tetrachloropropene and/or 1,1. 3,3- 

tetrachloropropene; or 

any combination of two or three of 1), 2) and 3) 

0 as a feed with hydrogen fluoride in the presence of an 
appropriate catalyst. When the fluorination is earned 
avap or Phase, it is desirable that the resulting vapor phase 
composition is condensed, and then subjected to the 

,■„„ It should be noted that in the mixture 
distillation operation. It should o >D 

,c,o i233dz and (Z)R-1233zd 
25 obtained in such a manner, (E)R-1233dz 
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generally exist at a molar ratio of about 10:1. 

The mixture may comprise hydrogen fluoride. In that 
case, hydrogen fluoride as well as an azeotropic 
composition consisting substantially 
chloro-2- P ropene and 1 ,1 ,1 ,3,3-pentafluoropropane >s 
distilled off. Hydrogen fluoride may be, for example, 
unreacted hydrogen fluoride in the above reaction. 

Alternatively, unreacted hydrogen fluoride is removed 
from the mixture as a reaction product by liquid-liquid 
separation, and then, the layer rich in organic mateua, ,s 
subjected to the distillation operation, whereby the 

•<-, at ',on nf 1 1 1 3 3-pentafluoropropane 
separation and purification of i. H 

or Ll.l-trifluoro-S-chloro^-propene is carried out. 

When carrying out the process of separation and 
purification of the present invention, if the fluorination 
m entioned in the above is a liquid phase reaction, a 
distillation apparatus may be incorporated with a reactor 
vessel. More specifically, this is exemplified by an 
embodiment in which produced R-245fa is withdrawn as a 
bottom product from a distillation column which also 
functions as a reactor vessel in a case where one of the 
above feeds 1), 2) and 3) or the combination of two or more 
thereof is fluorinated in an HF solvent. 

The process of separation and purification of the 
; present invention can be applied to a process for producing 
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1 1 1 3.3-pentafluoropropane by fluorinating one of the 
above feeds 1), 2) and 3) or the combination of two or more 
thereof with hydrogen fluoride, and provides a process for 
producing 1 .1 , 1 ,3,3-pentafluoropropane characterized by: 
5 subjecting a reaction product comprising 1,1,1,3,3- 

pentafluoropropane and 1 , 1 , 1 -trifluoro-3-chloro-2- P ropene 
obtained by a fiuorination process to a distillation operat.on; 
and thereby 

distilling off an azeotropic composition comprising 
10 1,1,1,3,3-pentafluoropropane and 1 , 1 ,1 -trifluoro-3-chloro-2- 

propene;and 

obtaining a bottom product comprising 1,1,1.3,3- 
pentafiuoropropane which does no. substantially contain 
1 ,1 ,1-trifluoro-3-chloro-2-propene. 
15 It should be noted that in the production process, the 

taction product may contain unreacted hydrogen fluoride. 
,n that case, there can be provided a process for producing 
1,1,1,3,3-pentafluoropropane characterized by: 

subjecting a reaction product comprising 1,1,1- 
20 t rif.uoro-3-chloro-2-pro P ene, 1,1,1,3,3-pentafluoropropane 

and hydrogen fluoride to a distillation operation; and thereby 

obtaining a disti.late comprising hydrogen fluoride and 
an azeotropic composition consisting substantially of 1.1,1- 
trifluoro-3-chloro-2-propene and 1,1,1,3,3- 
25 pentafluoropropane; and 
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obtaining a 1 , 1 , 1 ,3,3-pentafluoropropane bottom 
product which does not substantially contain 1 ,1 ,1-trifluoro- 
3-chloro-2-propene. In that case, the bottom product may 
further comprises hydrogen fluoride. In such a case, 
5 , 1 1 3 3-pentafluoropropane and hydrogen fluoride can be 
separated by a distillation, an extraction, water washing or 
the like. 

The azeotropic composition of R-245fa and R-1233zd 
which is obtained as a distil.ate in the process of separation 
,0 and purification of 1,1, 1,3, 3-pentafluoropropane of the 

present invention, can be recycled ,0 a fluorina.ion process 
in which R-1233zd is contained in a feed and/or a re.ot.on 
product. This enables R-1233zd which is distil.ed off, .0 be 
used effectively in the production of 1,1,1,3,3- 
15 pentafluoropropane. Such a production is carried out, for 
example, according to the production process provided by 
the present invention as described in the above. 

Further, the azeotropic composition of R-245fa and R- 
1233zd which is obtained as a distillate in the process of 
20 separation and purification of 1 ,1 ,1-,rifluoro-3-chloro-2- 
propene of the present invention, can be recycled to the 
fluorination process in which R-1233zd is involved as a 
product. This enables R-1233zd which is distilled off, to be 
used effectively in the product.on of 1 , 1 , 1 -trifluoro-3-chloro- 
25 2-propene. Such a production is carried out, for example, 
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by nuorinating the feed 1) or 3) referred in the above wi.h 

hydrogen fluoride. 

The prooess disclosed in Japanese Kokai Publication 
No 9-24188. Japanese Kokai Publication No. 9-183740 and 
mternational Publication No. WO/96/01797 can be made 
reference as to the process for producing R-245fa by 
f ,uorinating one of the above feeds 1), 2) and 3), or the 
combination of two or more thereof. 

As described in the above, the process of separation 
and purification of the present invention is preferably 
applied to an effluent from a reaction system in which R- 
245fa is produced. However, the process can be applied to 
any mixture from other source as long as the mixture 
comprises R-245fa and (E)R-1233zd or comprises R-245fa, 
(E)R .1233 Z d and HF. Further, in a case where the mixture 
contains other componen.(s) as well as R-245fa, (E)R- 
12 33zd and HF, the other componen.(s) behaves with the 
azeotropic composition as a distillate or behaves with R- 
245fa or (E)R-1233zd as a bottom product, depending upon 
its affinity for R-245fa, (E)R-1233zd and HF and the 
operation conditions of the distillation process. Depending 
on the conditions, the other component(s) behaves wi.h both 
of the distillate and the bottom product. 



Industrial Applicability 



As described in the above, according to a process of 
separation and purification of the present invention in which 
a distillation process wherein a distillate is an azeotrop.c 
composition of the present invention is employed, purified 
R-245fa or (E)R-1233zd can be obtained as a bottom product 
from a mixture comprising R-245fa and (E)R-1233zd 
effectively. Further, the process of separation and 
purification of the present invention is useful from the 
viewpoint of recovery and recycling of a feed since the 
azeotropic composition withdrawn as a distillate is returned 
to a fluorination process as a reflux and R-245fa is produced 
by fluorinating (E)R-1233zd in the azeotropic composite. 



Examples 

Example 1 

The vapor-liquid equilibrium of R-245fa and (E)R- 
12 33zd was measured at the atmospheric pressure in the 

following manner. 

A predetermined amount of R245fa and (E)R-1233zd is 
introduced into an Othmer vapor-liquid equilibrium 
measuring apparatus and sufficiently refluxed. Thereafter, 
samples were obtained from the still portion (the llqu.d 
phase) and the reflux (the vapor phase,, and compositions 
of them were analyzed by means of gas chromatography. 
The results (molar fraction of R-245fa in the liquid phase 
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and the vapor phase) are shown in Table 1 and Figure 1. 
The balance is (E)R-1233zd. 
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Table 1 






Liquid phase 


Vapor phase Temperature 


(mol%) 


(mol%) 


(•C). 


15 


21 


20 


28 


33 


18 


43 


47 


16 


63 


63 


14 


81 


78 


14.3 


88 


85 


14.6 


97 


96 
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15 Example 2 

12 57 grams of a mixture of R-245fa and R-1233 Z d 
containing 1 mo.% of (E)R-1233zd whioh mixture was a 
reaction product obtained by fluorinating 1.1,1.3,3- 
pentach.oropropane was rectified by using an Oldershaw 
20 distillation column with 40 plates under an operation 

pressure (top pressure) of 0 kgfW-G at a top temperature 
of 14 °C. An azeo.ropic composition of (E)R-1233zd and R- 
245fa was distilled off from the top and R-1233zd and R- 
245fa were withdrawn together in a total amount of 33 g. As 
25 a result, 1220 g of R-245,a of which purity is more than 99.9 
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mol % was obtained from the bottom of the distillation column. 
Example 3 

13 66 grams of a mixture of R-245fa and R-1233zd 
5 containing 10 mol« of (E)R-1233 Z d which mixture was a 
reaction product obtained by fluorinating 1,1.1,3,3- 
pentachloropropane was rectified by using an Oldershaw 
distillation column with 40 plates under an operation 
pressure (top pressure, of 0 KgfW-G a, a top temperature 
10 of 14 °C. An azeotropic composition of (E)R-1233zd and R- 
245fa was distilled off from the top and (E)R-1233zd and R- 
245fa were withdrawn together in a total amount of 340 g. 
AS a result, 1021 g of R-245fa of which purity is more than 
99.9 mo,% was obtained from the bottom of the distillation 
15 column. 

Example 4 

1355 grams of a mixture of R-245fa and (E)R-1233zd 
containing 1 mol* of R-245fa which mixture was a reaction 
20 product obtained by fluorinating 1,1,1,3,3- 

pentachloropropane in a vapor phase was rectified by using 
an Oldershaw distillation column with 40 plates under an 
operation pressure (top pressure) of 0 kgfW-G at a top 
temperature of 14 °C. An azeotropic composition of (E)R- 
25 1 233zd and R-245fa was distilled off from the top and R- 



245fa and R-1233zd were withdrawn together in a total 
amount of 41 g. As a result, 1310 g of R-1233zd of which 
purity is more than 99.9 mol% was obtained from the bottom 
of the distillation column. 



